The primary goals of this systematic review were to assess studies of homeless adults and cognitive functioning, and to explore the clinical implications and potential impacts on social functioning of these cognitive deficits. Abstracts databases were searched from 1970 (or their inception) to October 2007. Abstracts from 582 studies were screened and 22 studies were found to meet inclusion criteria (published in the English language, reported results of neuropsychological tests, or screening tests for cognitive dysfunction in homeless people aged 18 years or older). Two investigators independently reviewed each study and rated its quality based on well-defined criteria.
I n the past 20 years, studies of North American, South American, and European urban populations have consistently documented higher prevalence rates of mental illness in homeless adults, compared with community samples. [1] [2] [3] [4] Not only are mental illness and substance abuse strong risk factors for the loss of housing, 4, 5 they are also exacerbated by the homeless state. 6 Homelessness is also associated with lower quality of life, 7 poor physical health, 8 and higher mortality rates. 9, 10 While more is known about the medical, psychiatric, and socioeconomic factors associated with homelessness, less is known about the cognitive functioning of homeless people. 11 Cognitive functions can be categorized into 4 major classes: receptive functions involving the abilities to select, acquire, classify, and integrate information; memory and learning in which information is stored and retrieved; thinking functions to organize and re-organize information; and expressive functions to act on information or communicate it. 12 It is now well established that SPMI itself leads to cognitive dysfunction. [13] [14] [15] Further, there is accumulating evidence that cognitive deficits are strongly associated with the day-to-day social and occupational functioning of patients with SPMI. Recent reviews have investigated several domains of neurocognition, including: secondary verbal memory and delayed recall, immediate memory and recall, vigilance and sustained attention, and executive functioning. In both cross-sectional 16, 17 and longitudinal studies, 18 these cognitive domains are consistently associated with functional outcomes (for example, psychosocial skill acquisition, social problem solving, occupational functioning, independent living). In contrast, psychotic symptoms were not found to be significantly associated with functional outcomes. 16 Similar to the population suffering from SPMI, emerging literature suggests the homeless population has high rates of cognitive impairment, with estimates as high as 80%. 19 In addition to mental illness, factors such as substance use, traumatic brain injury, poverty, social disability, and malnutrition may affect the cognitive functioning of homeless people. 20, 21 It is likely that cognitive deficits in the homeless impact multiple domains of social functioning, including: reintegration into society, adherence to outpatient provision of medical services, and ability to maintain independent housing status. 19 To date, no prospective studies have investigated cognitive impairment as a risk factor for becoming homeless. Similarly, relatively little is known about the ways in which homelessness itself affects cognition.
A recently published systematic review 19 identified 18 studies of cognitive function in homeless adult samples. In their discussion, Spence et al 19 question how persistent cognitive deficits impact social function and reintegration; however, they discuss only one example of the implications of their findings for clinical service provision. It is the objective of this review to extend the previous systematic review to include 8 additional studies on homeless adults and cognitive functioning. Further, the discussion of findings has been grouped by specific domains of cognitive function to facilitate exploration of links between cognitive test results and the clinical implications or potential impacts on day-to-day functioning of these deficits. Directions for future research on cognitive function and homelessness are also identified.
Methods
regardless of the main objective of the article. Hence, for example, prevalence studies of mental disorders in homeless samples that reported results of the Folstein MMSE 22 were included. Dissertation abstracts and review articles were excluded. A lower age bound of 18 years was selected, as a very recent systematic review addresses cognitive functioning in homeless children and adolescents. 23 Apart from computing a weighted arithmetic mean of scores on the MMSE across studies, no attempt was made to aggregate data from the identified studies.
Critical Appraisal Process
Having reviewed the titles and abstracts of the articles, 27 appeared to match the selection criteria. After full review, 4 studies were excluded (2 did not include any neuropsychological tests, 1 reported results on neurological soft signs but not neuropsychological tests, and 1 excluded subjects who scored less than 27 on the MMSE). One study focused on subjects aged 16 to 21 years. 24 The results of this study are discussed, but it was excluded from the critical appraisal process because of its focus on youth subjects, rather than adults.
Two investigators independently reviewed each study and scored its quality based on critical appraisal criteria for prevalence studies. 25, 26 A point was assigned for: clearly defining the target population; an unbiased sampling frame; a sample size greater than 100; a response rate greater than 70%, or 80% if refusals were not described; use of valid and reliable neuropsychological tests; unbiased measurement, or blinding if applicable; reporting of confidence intervals; demographics of the sample were described in sufficient detail. Disagreements regarding quality rating were resolved following discussion among the raters. As shown in Table 1 , articles were given an overall rating of good (score 6 to 8), fair (score 4 to 5), or poor (score 0 to 3).
Results
There is considerable variation in studies of cognitive testing of homeless populations. Most of these studies are of fair or poor quality (Table 1) . As Table 1 indicates, studies vary with respect to the sampling methodology and the wide range of assessment instruments used, thereby complicating comparisons across studies. As such, studies have been grouped for discussion on the basis of cognitive domains: global cognitive functioning, IQ, attention and speed of information processing, visual perceptual function, memory, language, and executive function. The functional implications of cognitive deficits, if discussed in the articles, are also summarized.
A brief description of each test is available on request from the corresponding author, along with test results from standardized normative samples. In most of the studies, data were not provided for a control group. Ideally, to compare study results with normative samples, the study and normative groups should be matched on the basis of relevant sociodemographic characteristics such as age, sex, level of education, first language, and so on. Nevertheless, the normative data from unmatched groups have been included as they provide some indication of the areas of deficit in the homeless samples.
Global Cognitive Functioning
Most studies on cognition in the homeless have made use of the MMSE. 22 The MMSE consists of items that test orientation, immediate and short-term memory, attention and calculation, visuoconstruction skills, and praxis (ability to follow verbal and written commands). 27 The cut-off score of 24 to distinguish between impaired and not impaired subjects was derived from screening elderly hospitalized patients with delirium or fairly advanced dementia. 28 In homeless samples, 0% to 21% (weighted mean 4.22%) of participants scored less than 24 on the MMSE (Figure 1 ) [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] ; in 4 studies, 2% to 28% (weighted mean 6.82%) scored less than 18 33, 36, 38, 39 ; and in 1 study, 35% scored 26 or less on the MMSE. 40 Two studies report MMSE scores for a comparison population. Fischer et al 34 Another test of global cognitive function, the Neurobehavioural Cognitive Status Examination (Cognistat), 41 was administered in a Milwaukee sample. 11 Eighty percent of the sample screened positive on the Cognistat, indicating cognitive impairment.
Similarly, Addenbrookes Cognitive Examination 42 was administered to a sample of homeless people in Glasgow, Scotland, 43 and 82% had cognitive impairment. In another sample from Edinburgh, Scotland, 28% of the sample had cognitive impairment, 44 as measured by the abbreviated mental test. 45 Further, in this sample, cognitive impairment was strongly associated with a high score on the Rehabilitation Evaluation Hall and Baker Scale, 46 a behaviour rating scale that has been used to measure social functioning in psychiatric populations. Although cognitive impairment was strongly associated with functional impairment, two-thirds of the cognitively impaired people in this sample were not receiving any form of health or social care. 44 The authors provide concluding remarks that meeting the needs of homeless people who are mentally ill is challenging and the optimum method of service delivery remains uncertain. 
Intelligence Quotient
Several studies have administered measures of IQ. Adams et al 29 used the National Adult Reading Test 47 and found premorbid IQ was within the low-average range in their sample; however, among residents with severe mental illness, there was a significant decline in IQ that was not observed among those with nonsevere illness. Based on the decline in IQ they observed in their sample, Adams et al 29 suggest care providers may need to offer a greater degree of support to help this population cope with such hurdles as the benefit system and pathways to re-housing. Louks and Smith 48 found average overall IQ in their sample from a veterans' administration domiciliary, but the mean conceptual quotient was below average. They suggest impaired abstract thinking and problem solving would tend to limit adaptive functioning in the community. Bremner and colleagues 30 found premorbid and current IQ in their sample were significantly lower than the general population mean and conclude that low IQ is a risk factor for homelessness. In addition, they suggest continued support, rather than short-term interventions, are needed to prevent recurring homelessness.
The WAIS-R 49 11 suggest these global cognitive impairments will directly affect the ability of many homeless people to benefit from the services and treatment strategies currently offered.
Attention and Speed of Information Processing
The Trail Making Test Parts A and B 55 were administered to a sample in Miami. 40 Performance on Trails A and B was impaired, compared with normative samples. The authors suggest that impaired neuropsychological functioning should be considered when planning both medical and psychiatric treatment. In addition, they recommend mental health professionals enlighten other service providers regarding the ways in which neuropsychological impairment may hinder homeless patients' compliance and ability to participate actively in rehabilitation.
Figure 1 Summary of performance on the Folstein MMSE in homeless samples
The Auditory Continuous Performance Test 56 was administered to a sample from Boston, Massachusetts. At baseline assessment, 19 they were found to be markedly impaired in sustained attention, compared with normative samples. Following provision of housing, at 18 52 and 48 57 months, performance had significantly improved, but was still impaired relative to normative samples. Based on these findings, the authors argue that social services should help these people compensate for impaired attention skills, and rehabilitation programs should take into account their difficulty in maintaining focused attention.
The Information Processing Task B from the Adult Memory and Information Processing Battery 58 was administered to a sample of homeless men in London, England. 30 About 80% of the sample scored below the 50th percentile (adjusted for age) on this task, which is significantly below the level of performance expected for the general population. Difficulties with attention were also detected in a sample from Orange County, California, 51 65 Performance on this test did not significantly differ between the homeless and housed participants.
Memory
Components of the Wechsler Memory Scale-Revised 66 were administered in 2 samples. 19, 51, 52, 57 Performance on the verbal memory, visual memory, delayed recall, and logical memory subtests were lower than expected, compared with normative samples.
Verbal Memory
The CVLT 67 and the AVLT 68 also assess memory and learning. The CVLT (first edition) was administered to an Orange County sample and scores were found to be impaired, 51 compared with normative samples. The AVLT was administered to a Milwaukee sample. 11 Verbal learning and memory deficits were also apparent in more than one-half of this sample.
Language
Language functions (spontaneous speech, repetition, comprehension, naming, reading, and writing) were assessed in a sample from Miami, Florida, 40 using the Aphasia Screening Test. 69 In this sample, language functioning was relatively unimpaired. The Peabody Picture Vocabulary Test-Revised 70 was administered to a sample in New York City. 65 Performance did not statistically differ between homeless and housed people.
Executive Function
Executive function can be broadly conceptualized as having 4 components: volition, planning, purposive action, and effective performance. 12 These functions form the basis of many cognitive, emotional, and social skills that are essential in adapting to new situations and facilitating socially appropriate behaviour. The Wisconsin Card Sorting Test 71, 72 was administered to a sample from Boston. At baseline, 19 the mean number of categories was lower than in normative samples. The mean number of perseverative responses greatly exceeded that of normative samples. At 18-month follow-up, there was no significant difference from baseline. 52 At 48-month follow-up, the mean number of perseverations among nonsubstance users living in a group home setting significantly decreased. 57 This improvement was not observed in those living in independent apartments, nor among substance-using participants. This sample also completed the Visual Verbal Test. 73 Performance on this test was considerably lower than in normative samples.
The Porteus Maze Test 74 is another tool to assess executive-motor functions. In a sample from the Boston sample, 19 the mean score was below that of normative samples. In contrast, a sample of homeless, mentally ill veterans showed strong performance on this test. 50 This sample of veterans also completed the Stroop test, 75 but unlike the Porteus Mazes, performance was significantly below that of normative samples.
Discussion
Our review of 22 studies suggests there is accumulating evidence of cognitive dysfunction in North American, South American, Australian, and European samples of homeless people. The MMSE indicate about 4% to 7% of homeless people exhibit global cognitive deficits. There are also findings of focal deficits in verbal and visual memory, attention, speed of cognitive processing, and executive function. In contrast, tests of language, visual perceptual functioning, and IQ showed average or low-average scores in some homeless samples. The diversity of tests used; normative data that do not match the age, sex, and education level of these samples; and a lack of control groups in most of these studies pose difficulties in quantifying the magnitude of cognitive deficits, compared with the nonhomeless population. Nevertheless, we have summarized the findings from this review in Table 2 to provide a global overview of the cognitive domains that have shown to be impaired and the areas that are relatively preserved. The clinical ramifications of these findings merit consideration in addition to discussion of the limitations of this evidence and directions for future research. These issues are discussed, in turn, below.
These results have a number of clinical implications. First, it is relevant to draw from the literature on cognitive deficits in patients with SPMI. This research [16] [17] [18] shows that cognitive deficits are strongly predictive of poor social and occupational outcomes such as difficulties in psychosocial skill acquisition, social problem solving, and the ability to live independently. Studies of cognitive deficits and functional outcomes have not yet been directly studied in homeless samples. Nevertheless, by extension of the SPMI literature, there are likely similar associations between cognitive dysfunction and social outcomes in the homeless. Further, cognitive dysfunction itself is likely a risk factor for becoming and remaining homeless; however, there is a lack of empirical data to discern the relative role of cognitive deficits in the array of pathways to homelessness. Cognitive deficits in the homeless probably have a significant mediating impact on the effectiveness of skills training and rehabilitation programs. 21 It is therefore germane to implement cognitive rehabilitation interventions, which will likely concomitantly improve adaptive social functioning.
Second, clinicians should be cognizant of the impact of cognitive deficits on day-to-day functioning and ability to adhere to treatment recommendations. For example, patients who have difficulty maintaining attention may be unable to fill prescriptions, take medications according to the dosing schedule prescribed, or follow instructions in vocational training programs. While the behaviours stemming from cognitive impairments may be unintentional, they may be perceived as noncompliance by service providers. 21 These patients may benefit from self-cueing techniques 76 ; concrete explanations; use of clear, concise, specific language 21 ; and adaptation of rehabilitation curricula into discrete, well-defined units, with frequent repetition of material. 11, 19 Patients with memory impairment may encounter difficulties maintaining a mental spatial map to navigate to and from appointments, using public transit, and recalling appointment times. These patients are likely to benefit from written and verbal instructions, more frequent reminders about appointments, and close contact with case managers to compensate for attention and memory deficits. For homeless patients with SPMI, referral to an intensive case management or an assertive community treatment should be strongly considered, as these programs offer significant advantages over standard case management. 77 Third, these findings have implications for health service delivery. It has been repeatedly documented that homelessness is associated with increased emergency and acute inpatient provision of care. 4 As the discussion above indicates, cognitive deficits may interfere with adherence to outpatient care in numerous ways. Thus tailoring the provision of outpatient services to this population may be of benefit to patients and prove to be more cost effective. For example, providing primary care clinics within hostels or shared care through emergency departments.
Concerning the limitations of these studies, this review highlights numerous methodological issues. For example, few studies have used neuropsychological test batteries. The MMSE 22 has been the most frequently used test of cognitive functioning in homeless populations. Although the MMSE is brief and easy to administer, it has limited use in the detection of focal cognitive deficits (for example, amnesia, visuospatial disorders) and is insensitive to frontal lobe disorders. 31 Further, it is documented that MMSE scores are affected by age, education, literacy, and socioeconomic status. [78] [79] [80] Scoring of the MMSE was not adjusted for sociodemographic factors in these publications. Further, in one study, over one-half of the patients deemed impaired by an abbreviated battery of neuropsychological tests had MMSE scores within normal limits. 30 Hence, these studies may underestimate the prevalence of global cognitive impairment in the homeless.
Among those studies that have used neuropsychological test batteries, there has been little consistency in the selection of instruments. This variability complicates comparisons across studies and the generalizability of findings.
Regarding study design, most of the research to date is based on cross-sectional prevalence studies. To our knowledge, there are no matched case-control studies. In addition, there is a dearth of longitudinal studies to examine the impact of cognitive deficits on health and social outcomes, or the effect that homelessness has on cognition. Prospective studies to examine neurocognitive risk factors for becoming homeless are also lacking.
Analytically, few studies apply multivariate statistics to elucidate further the risk factors for cognitive impairment in the homeless. Multivariate analysis is of particular importance given the multiplicity of risk factors for cognitive dysfunction in the homeless. Research to elucidate the relative impact of factors such as mental illness, substance abuse, malnutrition, and traumatic brain injury could then be used to guide rehabilitation interventions. In addition, multivariate analysis would facilitate exploration of possible sex differences in risk factors, another important consideration. Previous research has documented differing prevalence rates of substance abuse, mental illness, and history of victimization between homeless men and women. 81, 82 Nonetheless, the studies to date include a low proportion of women and tend to report findings for men and women combined.
Finally, there are a very limited number of studies on interventions to improve cognitive functioning in the homeless. Data from one longitudinal study 19, 52, 57 suggests the provision of supportive living environments can influence neuropsychological functioning, specifically, sustained improvements in executive functioning. This finding warrants replication to further elucidate the impact that homelessness itself has on cognitive functioning. In addition, studies that link cognitive deficits to social outcomes, such as duration of homelessness, ability to access social services, and quality of life should be placed on the research agenda. Résultats : Dix études étaient de qualité bonne ou passable. Les études qui administraient le mini-examen de l'état mental indiquaient que quelque 4 % à 7 % des personnes sans abri présentaient des déficiences cognitives globales. Des déficiences focales de la mémoire verbale et visuelle, de l'attention, de la vitesse du traitement cognitif, et de la fonction exécutive sont également apparentes. Aucune étude des implications fonctionnelles des déficiences cognitives n'a été trouvée.
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Conclusions :
Les déficiences cognitives chez les personnes sans abri ont probablement un effet médiateur sur l'efficacité des programmes d'enseignement de compétences et de réhabilitation. Les cliniciens devraient savoir que les déficiences cognitives nuisent probablement à la capacité des patients sans abri de maintenir un logement stable et de suivre les recommandations de traitement. Les implications pour les options de logement et la prestation des services de santé devraient aussi être prises en considération. Il n'y a pas de recherche sur les interventions visant à améliorer le fonctionnement cognitif des personnes sans abri.
